I. INTRODUCTION
During the last two decades, perovskite manganites are widely studied due to their interesting physical properties. Perovskite manganite with the formula A 1−x B x MnO 3 (A is trivalent rare-earth cation such as La, Sm, Nd, Pr, ..., and B is divalent alkali or alkaline earth cation such as Sr, Ca, Ba or other vacancies) is any of a variety of manganese oxides with strongly correlated electrons [1] [2] [3] [4] . The doping in A and B sites provide cation size mismatch on ABO 3 perovskite manganites, measured by tolerance factor, that impact on the structures of the polycrystalline samples. Undoped LaM nO 3 , as a typical compound, is an antiferromagnetic (AFM) insulator. However, when part of La site is substituted by a divalent metal ion (like Ca, Ba or Sr), the compound becomes metallic ferromagnetic (FM) and introduce a ferromagnetic-paramagnetic (PM) transition (Curie temperature). Also a metal-semiconductor transition near the Curie temperature (T C ) could be found.
The fundamental feature of the magnetic properties and conductive mechanism in manganites can be explained qualitatively, by the double exchange (DE) mechanism, Jahn-Teller distortion and electron-phonon interactions in manganites. The DE mechanism is responsible for the ferromagnetic state due to transfer of itinerant e g electron between the M n 3+ − O − M n 4+ bond through the O 2− ion due to on-site Hunds coupling [5] [6] [7] . Jahn-Teller distortion which the structure will distort by removing the degeneracy of the e g orbitals to stabilizes in the 3d 3z 2 −r 2 with respect to the 3d x 2 −y 2 orbitals 8 . There is a direct link between the Jahn-Teller distortions and the polarons and this coupling is locally present in the metallic and insulating phases 9 . To understand the structural, magnetic and transport properties of La 1−x A x MnO 3 manganites, several studies have been reported on the doping of A-site with divalent ions [10] [11] [12] [13] [14] . A substitution at Mn (B-site) dramatically affects the structural, magnetic and transport properties of manganites. One of these compounds is La 1−x Ba x MnO 3 (LBMO) manganite. [15] [16] [17] [18] [19] . As trivalent La 3+ ions are replaced with a divalent Ba 2+ in LaM nO 3 manganite, some of the manganese ion valence changed from M n 3+ (with the electronic configuration 3d 4 , t 3 2g e 1 g , S=2) to M n 4+ (with the electronic configuration 3d 4 , t 3 2g e 0 g , S=3/2) due to introducing holes into the this material. These holes permit charge transfer in the e g state which is highly hybridized with the oxygen 2p state. In the following, the manganese ion valence can be change again by replacing the trivalent Al 3+ ions instead of the trivalent M n 3+ ion 20 . This case can cause a large changes in intended manganite. Al 3+ does not possess a magnetic moment and do not participate in the magnetic interactions. Also the Al ion has a smaller size (0.535Å) than that a Mn ion (0.645Å) and makes increase in the structural stress 15, 20 . Based on the foregoing, the La 1−x Ba x Mn 1−x Al x O 3 manganite is one of the most attractive manganites. The La 1−x Ba x Mn 1−x Al x O 3 manganite having the T C and T N (Neel temperature) in the temperature range of 295 − 50 K for doping range of 0 ≤ x ≤ 0.8 15 . Various models try to explain the conductive mechanism in perovskite manganites. Among these models we point out the variable range hopping (VRH), the adiabatic small polaron hoping (ASPH), percolation and Zhang models 21, 22 . The ASPH model offered for high temperature (T > θD 2 ) resistivity in the paramagnetic regime at temperatures higher than T C . θ D is the Debye temperature and will be explained in the following. According to this model, the activation energy E 0 is the depth of the local potential barrier of a trapped polaron 23 . The VRH model proposed to explain conduction mechanism for manganites via thermally activated small polarons in the adiabatic regime (T < 
where, the Greek letters represent the amount of each compound. The molar ratio of acid, EDTA and nitrate materials were taken 1:2:3. The solution changed to a gel when it exposed to heat for drying the solution, (the temperature increased to 220 o C with rate of O 3 , by using XRD, SEM, ac susceptibility analysis and measuring the electrical resistance for two types of composition prepared at different temperatures. Phase formation and crystal structure of samples were studied by XRD pattern using Cu-kα radiation source with wavelength of λ=1.5406Å in the 2θ range from 20 o to 80 o , with a step size of 0.05 o . To study the magnetic properties of the samples, the ac susceptibility measurements were performed using a Lake Shore Ac Susceptometer (Model 7000) in 333Hz frequency and 800 A/m field. Also, we used conventional four probe method for measuring the electrical resistance by using a Laybold closed cycle refrigerator. Figure 1 shows the X-ray diffraction (XRD) patterns of La 0.8 Ba 0.2 Mn 1−x Al x O 3 (x=0-0.25) at room temperature that were sintered at 1350 o C and 750 o C. The XRD data was analyzed with Rietveld refinement using the FULLPROF software and Pseudo-Voigt function (for instance H0 sample's rietveld analysis was shown in Figure 2 ) and results show that the desired samples structure has approximately single phase with R3c space group belonging to the hexagonal structure where a = b = c. The results obtained from this analysis were collected in table I. Figure 3 shows the changes in lattice parameters with increasing aluminum doping and annealing temperature. The a and b parameters decrease, c parameter, doesn't show regular behavior, c/a parameter increases and the unit cell volume decreases (except L15 and H25) with increasing Al doping. The c/a ratio represents a further increase in the length direction c than a direction (c and a are the unit cell parameters). It seems that reducing the unit cell volume is due to the fact that Al ions are smaller than Mn ions. (The radii of Al ion is 0.535Å and the Mn ion 10 is 0.645Å) 15, 20 . By comparing the samples annealed at higher temperatures, it can be observed that all of lattice parameters increases with increasing annealing temperature. The reason for increasing in lattice parameters is the increasing concentration ratio of M n 3+ /M n 4+ . The Goldschmidt radius of M n 3+ (0.070nm) is much greater than that of M n 4+ (0.052 nm) 25 . So this increase in the size of the lattice parameters can be attributed to the increase of M n 3+ ions due to increased oxygen deficiency with increasing annealing temperature 25 . The SEM images of slab samples for x=0 and x=0.10 (L0, H0, L10, and H10 samples) are shown in figure 4 . Comparing the L0 to H0 and L10 to H10 in figure 4 , the effect of annealing temperature on these samples can be well understood. The grains in samples L10 and H10 has grown more than samples L0 and L10, respectively. The average grain sizes of these samples are smaller than 5 µm.
III. RESULTS AND DISCUSSION
The samples annealed in 1350 o C (H0 and H10) are more homogeneous than samples that annealed in 750 o C (L0 and L10). In general, decrease of grain surface energy by increasing the annealing temperature, is known as a driving force for migration of grain growth 26, 27 . Grain size and their boundaries have impact on the magnetic and electrical properties of manganites 14 . It is observable that the average particle size of the samples increases by increasing the Al doping. It seems that doping of Al, cause the grain boundaries have more driving force for grain growth. 
A. Magnetic properties
Measuring ac magnetic susceptibility, the magnetic properties of all samples studied. La 0.80 Ba 0.20 MnO 3 manganites show different magnetic transitions such as PM-FM or PM-AFM transitions and also FM to spin-glass state transition at different temperatures.
15,24,28,29 . The heat treatment, level of synthesized temperature, annealing atmosphere and ..., could affect susceptibility of the samples, for a certain doping 24, 30, 31 . Figure 5 shows the real parts of ac susceptibility for all samples. With decreasing temperature, magnetic entropy overcome to the thermal entropy and therefore below a certain temperature (Curie temperature, T c ) the samples show FM behavior. It can be seen that the Curie temperature decreases with increasing doping concentration. The decrease of the T c with Al substitution has many reason such as 1-local cutoff magnetic interaction between the spins of t 2g electrons 32 .2-Al 3+ does not posses a magnetic moment and thus it should not participate in the magnetic interaction. This cause the ferromagnetic area reduction in ac susceptibility Vs temperature figure. 3-Al ion has smaller size than M n ion and will cause an increase in structural stress with influence the magnetic and electronic properties of the mixed valence manganites.
The χ ′ shows downward slop below T c for all samples ( see Fig 5) . Decreasing the temperature cause the immediate appearance of domain structure (The domain structure of ferromagnets is a result of minimizing the free energy) below T c . However, by more reduction in temperature, samples lose their response to the ac magnetic field which could be responsible for the diminution of χ ′ (real part of the ac susceptibility ) below T c 33 . This χ ′ behavior can be justified by the change of domain wall movement (by applying small fields such as 10 Oe) and domain magnetization rotation (by applying large fields) in an ac applied magnetic field 33 . Samples H10, H15, H20, H25 (samples annealed in 1350 o C) and samples L15, L20 and L25 (samples annealed in 750 o C) shows deviation from the Curie Weiss law (see Fig. 6 ). The Curie Weiss law is χ = C T −θcw , where C is Curie constant and θ cw is Curie-Weiss temperature. The θ cw represents the molecular interaction between the moments.
This diversion proposed the short-range FM interactions or cluster spins formation 15 . In general, deviation of χ −1 , represents the Griffiths phase (GP) due to presence of FM clusters. Increasing temperature, these clusters participate in the paramagnetic phase, while above a certain temperature, that called Griffiths temperature, they totally disappear. The GP means the simultaneous presence of short-range FM clusters in the PM region, that is due to the dispersion of FM spin clusters in the PM domain 34 . The Griffiths temperature (T G ) range is T c ≤ T ≤ T G 35 . We used the Eq 1, to fit the intended experimental data. Also, the percentage of GP are obtained from Eq 2 36 .
Where, T rand c is the critical temperature of the random ferromagnet where susceptibility diverges (T rand c > T c ), and λ is a positive quantity between 0 and 1 37 . Zero refers to the PM regime.
We have obtained the T 41 and also controlling and elimination of oxygen vacancy 25 , enhance the Griffiths state in a system. The decreasing in λ with Al 3+ content indicates the further decrease in the GP properties and reveals that the size of the magnetic cluster decreases. It can be observed an increase in the quantity of λ for samples annealed at lower temperatures and irregular behavior for samples annealed at high temperature. Figure 8 shows the (Table II and refers to the disorder dependent FM ordering temperature, TG refers to the Griffiths temperature,λ refers to the Griffiths exponent and GP × 100% refers to the temperature range of Griffith phase. ADj.R 2 demonstrates the accuracy of matching equations 1 and 2 with the experimental data. o C (L0, L10, L15, L20, and L25 samples).
Also we have observed spin glass (SG) behavior in sample H15 (sample with doping x=0.15 and annealed in 1350 o C). Note that we believe that this effect could be seen in samples with higher doping, however just been brought for H15 sample as an example. One of the features of SG system is the dependence of its ac susceptibility on the applied field and frequency. In this sample, this behavior results in a sharp drop in the real part of the susceptibility at low temperatures, and the appearance of a peak in its imaginary part. The frequency-independent peaks termed as Hopkinson peaks are typical feature in many FM materials. But the second peak position shifts to higher temperatures with increasing frequency. So, to verify SG state presence, we have measured ac susceptibility of La 0.8 Ba 0.2 Mn 1−x Al x O 3 (x=0.15) sample on the constant field and different frequencies. Figure 9 shows the temperature dependence of the imaginary part (Out of phase) of ac susceptibility at different frequencies. The temperature dependences of susceptibility of this sample measured in an applied field of 10 Oe, after cooling in the zero field (ZFC). As can be seen from Figure 9 , there is SG behavior below a certain temperature (see inset in Figure 9 ). The first peak temperature that is frequency independent, represents the Curie temperature, while the second peak temperature, represents the freezing temperature T f , that shifts towards higher temperatures with increasing frequency. This change by frequency is taken as the smoking gun for spin glasses. For further investigation of the SG nature at x=0.15 doping, we have checked the T f 's dependence on frequency by conventional critical slowing down model which is as follows:
Where, T g is the dc value of T f for f → 0, f 0 is a constant in order of 10 9 -10 13 and zν is dynamic critical exponent. The Fig 10 shows best fit of this model. The estimated values of zν = 6.7 and T g = 54K are within the realm of three dimensional SG system. 
B. Electrical properties
Electrical transport measurement is one of the best methods for investigating the electrical properties of materials such as manganites. Thus to check the electrical resistance of samples, we used the closed circuit refrigerator and four probe method. Figure 11 and 12 show the electrical resistivity of all samples. According to figure 11 , for x=0 concentration, a poor metal-insulator transition can be seen at temperatures of about 259K that is corresponding to FM transition. This behavior is in agreement with La 0.81 Ba 0.19 MnO 3 in ref 11 . This is probably due to that sample x=0, is approximately on the boundary of the insulator and metal state 11, 15 . The further doping shows insulator behavior (x=0.19), due to the oxygen vacancy or losing oxygen (According to figure 12 , the ferromagnetic transition to the insulating state is completely occurred, and this transition becomes weak with increasing annealing temperature). This transition is in agreement with work Nagabhushana et al 43 . In reference 44 , the effect of oxygen non-stoichiometry has been discussed and it has been shown that by increasing the amount of δ in O 3−δ , the La 0.7 Ba 0.3 MnO 3−δ manganite shows insulation behavior. But figure 12 , shows metalinsulators transition for x=0 in 170K. The reason for this issue can be attributed to the oxygen deficiency [43] [44] [45] . By increasing the amount of oxygen deficiency, the ratio of Mn 3+ /Mn 4+ is reduced, which leads to decrease the transmission e g interaction electrons. Studies have shown that the Curie temperature, T c , depends on the mobility of e g electrons, and the ratio of Mn 3+ /Mn 4+ , that is a key component to understanding the magnetoresistance effect and paramagnetic metal-ferromagnetic semiconductor transition 44, 46 . According to the Zener double exchange model, the transfer of itinerant e g electron between Mn 3+ and Mn 4+ ions through the O 2− ion, causing ferromagnetic interaction due to on-site Hund's coupling 47 . When there are oxygen deficiency, the Mn 3+ /Mn 4+ percent are changed. Also, By increasing the content of oxygen deficiency, the e g electrons hopping probability and ferromagnetic region are reduced, that leads to decrease in the Curie temperature 48 . In other justification, annealing at higher temperature, the samples H0 lose more oxygen than L0 sample. This case is clear in Figure 12 in which there is a metal-isulator transition in 168K. With increasing annealing temperature, grain size increased and the surface to volume ratio decreased. At the same deoxygenated material, grain boundaries which effect by level of aluminium substitution on manganese site, play crucial role. According to Zhang model, the grain's surface is chaos and the curie temperature and metal-insulator transition temperature are less than the core phase 22 . Thus, the sample L0 has more surface area than H0, and as a result, the total Curie temperature is decreased because the Curie temperature of the surface phase are less.
The electrical resistance is insulating for samples x=0.15, 0.20, and 0.25 (H15, H20, and H25). Increasing the non-magnetic Al 3+ ion instead of the magnetic M n 3+ ions in lanthanum based perovskite manganites, reduces metal properties. The aluminium doping, as an impurity, decreases the polaron conductivity and increases the insulating properties of the system. Also increasing Al substitution (with smaller ionic radii size ) instead of the Mn ion, led to increase stress. Such a structural changes in the lattice strain and deformations, affect the M n 3+ -OM n 4+ bond angle and length 15 . In addition, with increasing further doping, the tunnelling process at the grain boundaries (that acts as a potential barrier for charge carriers), are weakening. Also by doping the Al 3+ , the content of M n 3+ are reduced progressively and thus power of DE reduced and this makes the ferromagnetic state weaker and system become insulator.
In a further analysis of electrical resistance, we used three ASPH, VRH, and percolation models. We used ASPH model to check the desired electrical properties of samples in zero applied magnetic field (see Figure 13 : It is shown only for high annealed samples). In this model, which is also known as the Emin-Holstein theory of adiabatic small polaron hopping model 49 , the conductivity data are dominated by the thermally activated hopping of small polarons in the high temperature (T > T MIT ) insulating phase 50 :
In Eq 4, parameter ρ α is the coefficient independent of T. E a and K B are the activation energy and Boltzmann constant, respectively. Also, ρ α = 2KB 3ne 2 a 2 υ ph is the residual resistivity, where e is the electronic charge, n is the density of charge carriers, a is the site-to-site hopping distance, and υ ph (in the order of 10 13 Hz ) is the longitudinal optical phonon frequency 19 . Also, we used hυ ph = K B θ D to calculate the optical phonon frequency. Here θ D is the Debye temperature that was estimated from the experimental data in lnρ/T versus 1/T plots by choosing the deviation point from linearity behavior. We calculated E a for all samples in above T MIT as a function of x using the equation 4, and plotted the results in Figure 13 . Figure 13a clearly shows a linear dependence of ln(ρ/T ) on 1/T above T MIT for high temperature annealed samples. It can be seen from Figure 13b , that E a has a minimum value of about 93.4 meV for H10 and 71meV for L0 samples. E a increases with increasing x for high temperature annealed samples and increases with increasing x in the 0 < x < 0.15 range and then decrease for L20 and L25 samples. Also to understand the temperature dependence of electrical resistivity data in semiconducting region, we used V RH model. The expression for V RH model can be written as:
where ρ 0 is the Mott residual resistivity and T 0 is the Mott temperature which is expressed as Also to elucidate the transport properties in the whole temperature range, especially around the transition peak, we used percolation model for sample L0 and H10 (Because only these two dopings shows T MIT in between all samples). In this model, the total resistivity is a sum of contributions from PM and FM regions, and at any temperature, ρ, is determined by the change of the volume fractions of both regions. In other words, in the percolation model, it is assumed that the ferromagnetic metallic and paramagnetic insulating regions are electrically linked in series and there exists a competition between these phases around the metal insulator transition temperature. The resistivity for the entire temperature range expressed as 51, 52 :
Here ρ f m is the temperature dependent electrical resistivity data that is given by:
Where the temperature independent part ρ 0 is the resistivity due to domain/grain boundary and refers to defects scattering. The ρ 2 T 2 term represents the electrical resistivity due to the electron-electron scattering process. The term ρ 4.5 is a combination of electron-electron, electron-phonon and electron-magnon scattering processes 53, 54 . Also, ρ P M is given by Eq. 4. As well as, f is the volume fraction of the FM phase and (1 − f ) is the volume fraction of the PM phase 55 . Volume fractions of the FM and PM phases satisfy the Boltzmann distribution:
Where ∆U is the energy difference between FM and PM states and may be expressed as ∆U ≈ −U 0 (1 −
T T mod c
). In this expression, parameters U 0 is an energy difference of the quasi particles in the phase separated FM and PM states for a temperature well below T mod c temperature. T mod c means a temperature in the vicinity of which the resistivity has a maximum value. (It is near or equal to T c ) Thus the percolation model's formula given as:
From equation 9, one can find that: f = 0 for T ≫ T . where f c is the percolation threshold. As a consequence, when f < f c , the sample remains semiconducting and when f > f c it becomes metallic. Parameters ρ 0 , ρ 2 , ρ 4.5 , ρ α and E p have been introduced previously. The red color solid line in Figure 14 shows the fitting results for the ρ-T curves obtained at zero field for the samples L0 and H10. All the available parameters obtained for samples that shows an insulator -metal transition (L0, H10), listed in Table IV , by using Eq 9 to fit the experimental data. These Values are consistent with values of previous works 19, 21, 51 . It is worth mentioning that the percolation model is suitable to explain simultaneously the electrical transport of La 0.8 Ba 0.2 Mn 1−x Al x O 3 (for samples that shows metal-insulator transition) in both ferromagnetic and paramagnetic areas.
IV. CONCLUSION
In summary, the effect of the Al substitution on the structural, magnetic, and electrical properties of La 1−x Ba x Mn 1−x Al x O 3 (0 ≤ x ≤ 0.25) manganites were investigated by XRD, Ac susceptibility and electrical resistivity measurements. We prepared two samples for each concentration, at temperatures of 750 o C and 1350 o C via sol-gel method . The XRD rietveld refinement indicates rhombohedral single phase structure with R3c space group. The lattice parameters and volume decrease with Al doping. The larger average grain size obtained due to aluminium doping and increasing annealing temperature. The ac magnetic susceptibility measurements show that the transition from paramagnetic (PM) to ferromagnetic (FM) phase at the Curie temperature, T C , decreases from 274 K down to 119 K with increase in the Al doping level from x = 0 to x = 0.25 for samples annealed at 1350 o C. In addition, the spin glass state exists in the x = 0.15 and higher level doping sample. This behavior indicates that the substitution of Al weakens the double exchange (DE) process. Also we observed a grifiths phase for some samples that annealed at 750 o C and 1350 o C. The temperature dependence of resistivity, ρ(T ), indicates that by increasing the Al doping level for samples annealed at 1350 o C, the metal-insulator transition observed only for x=0 and x=0.10, while for x=0 there is a very weak metal-insulator transition, eventually the heavily doped samples become insulators. But for x=0 sample that annealed at 750 o C, we observed the metal-insulator transition near 180K. We have attributed this effect to oxygen deficiency. To further analysis the dependence of resistivity on temperature we used three models (adiabatic small polaron hopping, variable range hopping and percolation model) for some samples. The ρ(T ) curve for the samples that shows metal-insulator transition was fitted with the percolation model, while the insulating region fitted with the adiabatic small polaron hopping at Paramagnetic state at T > θD 2 (θ D , Debye temperature) and the variable range hopping models at T < θD 2 .
